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Abstract: DataDiscoveryLab is a software tool that enables users to recommend possible pathways to
their research with references by extracting valuable insights from academic articles by parsing them
into text and figures and processing the image data using computer vision algorithms. The software
creates two databases for text-based purposes, one for titles, figure captions, and references, and
another for abstracts, introductions, methods, and results using NLP techniques. The software then
compares these databases to users’ research questions, finds similarities, and presents the findings.
Additionally, the software takes data from researchers’ scientific software and devices to compare
with the current figure-based databases, creating a loop until the best answer and pathways to
research and articles to recommend can be found. This tool provides valuable insights and context
for researchers, helping them make informed decisions about their research.

Keywords: data analysis; computer vision algorithms; visual data; natural language processing;
scientific research

1. Introduction

In the field of research and scientific inquiry, there is a vast amount of information available in
the form of academic articles, reports, and studies. This abundance of information can often make it
challenging for researchers to find relevant data and gain insights from the existing literature. As a
result, there is a growing need for tools that can help researchers effectively parse and analyze the
large volumes of data available to them.

DataDiscoveryLab is a software system that addresses this need by providing a comprehensive
approach to analyzing academic articles. By utilizing computer vision algorithms and NLP techniques,
the system is capable of parsing articles into text and figures, creating two separate databases that can
be used to find similarities between users’ research questions and existing literature. The system then
utilizes this data to provide researchers with the most relevant pathways to research and articles to
read, ensuring that they can make informed decisions about their work.

Overall, DataDiscoveryLab is a powerful tool that can help researchers save time and resources
while gaining valuable insights from existing literature. With the ability to parse large volumes of
data and find relevant information quickly, this system can significantly enhance the research process,
ultimately leading to more impactful research outcomes.

2. Article Database and Sub Databases Based on Article Database

The creation of the article database is a crucial part of the DataDiscoveryLab software system.
This database is created by collecting articles from different scientific journals and parsing them into
text and figures. The text and figures are then analyzed using NLP and computer vision algorithms to
create three separate databases.

The first database includes titles, captions, and references from the articles. This database allows
researchers to quickly identify articles that may be relevant to their research question. The second
database includes abstracts, introductions, methods, and results from the articles. This database
provides researchers with more detailed information about the articles and can be used to gain a
deeper understanding of the research presented in the article.

The third database is an image-based database that contains the figures from the articles. This
database is created by using computer vision algorithms to detect and extract individual figures from
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the articles. This database can be used to gain insights into the research presented in the articles and
can be particularly useful for researchers working in fields that rely heavily on visual data.

In short, the creation of these three databases provides researchers with a comprehensive approach
to analyzing academic articles. By utilizing both text-based and image-based data, researchers can
gain a more complete understanding of the research presented in the articles. Additionally, the use of
NLP and computer vision algorithms allows for quick and efficient analysis of large volumes of data,
making it easier for researchers to find relevant information and make informed decisions about their
research.
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Figure 1. Article Database and sub-databases nucleation.
3. Prompt-Based Search

Once researchers have submitted their research questions to DataDiscoveryLab, the system
utilizes LLMs (Language Model Machines) to analyze and understand the questions. This analysis
allows the system to find connections between the research questions and the article database that
contains titles, captions, and references. These connections are used to identify relevant articles that
may be of interest to the researcher.

The system then goes deeper by analyzing the connections with the database that has abstracts,
introductions, methods, and results of articles. This analysis allows the system to gain a deeper
understanding of the research presented in the articles and identify the most relevant information for
the researcher.

Finally, the conclusive result of this analysis is pasted to the user database. This database contains
all of the relevant information and insights gained from the analysis, including relevant articles,
summaries of the research presented in those articles, and any other relevant information. This user
database can be used to help researchers make informed decisions about their research and gain
valuable insights into their field.

To sum up we can say that this approach provides researchers with a comprehensive and efficient
method for analyzing academic articles and gaining insights from the existing literature. By utilizing
LLMs and advanced data analysis techniques, the system can quickly identify relevant articles and
provide researchers with a clear path forward for their research.
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Figure 2. Analysis of Researchers’ Questions among text-based databases.
4. Data-Based Search

In addition to the text analysis capabilities of the DataDiscoveryLab system, researchers’ questions
can also be tremendously helpful in analyzing the data. After retrieving researchers’ data from their
scientific software and devices, the system uses computer vision algorithms to detect and extract
individual figures. The text data associated with these figures are then used to provide context,
including figure captions and references, which can help researchers gain a deeper understanding of
the research presented in the figures.

This analysis is particularly valuable for researchers working in fields that rely heavily on visual
data, such as biology, chemistry, and physics. By extracting and analyzing the figures, researchers can
gain valuable insights into the data and the conclusions presented in the articles. The conclusive result
of this analysis is then added to the user database, which contains all of the relevant information and
insights gained from the analysis. This information can be used to help researchers make informed
decisions about their research and gain a deeper understanding of their field.

Altogether, the use of computer vision algorithms to analyze visual data provides researchers
with a powerful tool for gaining insights from academic articles. By combining this analysis with
NLP-based analysis of the text data and researchers’ questions, researchers can gain a more complete
understanding of the research presented in the articles and make informed decisions about their
research. The DataDiscoveryLab system is an exciting development in the field of research analysis
and has the potential to revolutionize the way researchers approach their work.
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Figure 3. Analysis of Researchers” Data with Questions among text and figure-based databases.
5. Loop of Excellence

By utilizing the database that contains abstracts, introductions, methods, and results of articles,
along with the user database that has been fed with the results of researchers’ prompts and data, the
DataDiscoveryLab system can continuously refine and optimize its analysis. The system uses LLMs to
analyze the data and identify patterns and connections between the different sources of information.

This analysis is then refined according to the database that contains abstracts, introductions,
methods, and results of articles, allowing the system to gain a deeper understanding of the research
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presented in the articles and the insights gained from the user database. This iterative process continues
until the system finds the best outcome for a possible pathway to research and articles to read.

This entire process is named the Loop of Excellence, as it represents a continuous cycle of
refinement and optimization that is designed to provide researchers with the best possible insights
and outcomes. By leveraging advanced data analysis techniques and machine learning algorithms,
the DataDiscoveryLab system can provide researchers with a powerful tool for gaining insights from
academic articles and advancing their research.
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Figure 4. Usage of Users’ Databases for nucleating recommendations.

6. Conclusion

As a result, the DataDiscoveryLab software system is a powerful tool that provides researchers
with a comprehensive approach to analyzing academic articles. By utilizing computer vision algorithms
and NLP techniques, the system can quickly parse articles into text and figures, creating three separate
databases that can be used to find similarities between users’ research questions and existing literature.
Additionally, the system can integrate users” data from scientific software and devices, creating a loop
that can lead to the best answer and pathways for research and articles to read.

The creation of these databases, along with the use of advanced data analysis techniques, provides
researchers with a clear path forward for their research and helps them make informed decisions about
their work. With the ability to parse large volumes of data and find relevant information quickly, this
system can significantly enhance the research process, ultimately leading to more impactful research
outcomes.

In general, DataDiscoveryLab is a valuable tool that has the potential to revolutionize the way
researchers approach analyzing academic articles. With the ability to quickly and efficiently parse
large volumes of data, this system can help researchers gain valuable insights from existing literature,
saving them time and resources while ultimately leading to more impactful research outcomes.
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Figure 5. Entire Pipeline.
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Appendix A Methods

Appendix A.1 Creating Text-Based Article Database

To create a comprehensive article database, the DataDiscoveryLab software system utilizes IBM’s
DeepSearch to retrieve text-based information such as references, abstracts, introductions, methods,
and results. This information is then parsed and stored in the appropriate sub-databases. Additionally,
web scraping techniques are used to retrieve titles and affiliations.

DeepSearch has been previously used in various publications such as [1-4]. These publications
demonstrate the effectiveness of DeepSearch in extracting and analyzing text-based data.

The article database and sub-databases allow researchers to quickly identify relevant articles and
gain a deeper understanding of the research presented in those articles. By utilizing DeepSearch and
other techniques for data retrieval, the DataDiscoveryLab software system provides a comprehensive
approach to analyzing academic articles.

After analyzing articles to parse them into text-based versions, the system uses natural
language processing (NLP) methods to clean and then embed them with tools like OpenAl
text-embedding-ada-002 [5]. This ensures that the text-based information is accurate and easily
searchable.

Appendix A.2 Creating Figure-Based Article Database

To create a comprehensive article database, the DataDiscoveryLab software system utilizes
a range of tools and techniques for extracting and analyzing scientific figures. One such tool is
Deepfigures-open, which is based on the article [6]. Deepfigures-open has been widely used in other
research projects, including [7-12].

The DataDiscoveryLab software system also leverages other resources to enrich the figure-based
article database. For instance, the software uses EXSCLAIM, based on the article [13], to extract
labeled images from articles. Additionally, the system employs EXACT, based on the article [14], to
facilitate collaborative annotation of images. Other tools, such as ArtPop, based on the article [15], and
TEMExtraction, based on the article [16], are also can be used to enhance the figure-based database.
The MedICaT dataset, based on the article [16] which includes medical images, captions, and textual
references, can be used in conjunction with other resources to enhance medical image analysis and
natural language processing tasks.

The DataDiscoveryLab software system integrates these various tools and techniques into a single
framework called Look, Read, and Enrich, which is based on the article [17]. This framework allows
researchers to quickly search, browse, and explore the figure-based database to gain insights into the
research presented in the articles. FigureSeer, based on the article [18], is also used to automatically
parse result figures in research papers and add them to the database.

Overall, the creation of the figure-based article database, along with the text-based and
sub-databases, provides researchers with a powerful tool for exploring and analyzing academic
articles. The use of advanced NLP and computer vision algorithms, coupled with the integration of
multiple tools and resources, allows researchers to quickly and efficiently extract insights from large
volumes of data.
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